BIT BY BIT is an encryption game that is designed to improve students' understanding of natural language processing in computers. Participants encode clear words into binary code using an encryption key and exchange them in the game. BIT BY BIT enables participants who do not understand the concept of binary numbers to perform the process of converting decimal into binary and vice versa. This understanding helps participants to comprehend one of the concepts of computer science (i.e., how computers express natural languages using signals).
Number of participants required: At least one pair of teams, with two or three participants each. Several pairs can compete against each other. Materials: Encryption tables, black and white cards, cylinders, black balls, white balls, and tubes in which the balls can roll freely.
BIT BY BIT is an encryption game that is designed to improve students' understanding of natural language processing in computers (Kato & Arakawa, 2004a , 2004b .
The encryption system used in this game parallels the way computers process natural languages. Although computers can deal only with digital signals, they inevitably process natural languages, which are not digital signals. Therefore, computers can encode every natural language into digital signals. In this game, we simulate this process using an encryption system, and participants experience this computer processing system. When playing, participants exchange words in the manner shown in Figure 1 . They encode clear words into binary code using an encryption system and then transmit them (see Figure 2) .
The binary number system is based on powers of 2, in contrast to the decimal system, based on powers of 10, and is the main system of mathematical notation today. In the binary system, only the digits 0 and 1 are used. The first 10 numbers in binary notation, corresponding to the numbers 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9 in decimal notation, are 0, 1, 10, 11, 100, 101, 110, 111, 1000, and 1001 . Any decimal number can be converted into the binary system by summing the appropriate multiples of the different powers of two. For example, 1001 represents (1 × 8: 2^3) + (0 × 4: 2^2) + (0 × 2: 2^1) + (1 × 1: 2^0) = 9. Because only two digits are used, any binary digit can be transmitted and recorded electronically simply by the presence or absence of electrical current in computers. In this game, participants also follow this conversion of decimal numbers into binary numbers.
The encoding process from clear words into binary code in this game has three steps. First, the participants divide the word into letters; for example, they would divide egg into e, g, and g. Then, they assign each letter the decimal number corresponding to its alphabetical order. Finally, the participants convert the decimal number into a binary one. In the game, all words can be encoded into binary code.
In this game, participants experience this process in a realistic form (Kato, 2007) . Binary code, which is an abstract concept, is represented using small black and white balls. Without using computers, the students can follow the natural language processing that occurs in the operation of computers. Incomprehension of these concepts is one of the obstacles for students trying to understand computer science. Facilitator's guide
Form teams so that participants compete transmitting words
In the game, participants exchange words. They form pairs of teams, of two or three participants each. At least one pair is necessary for the game to function. The pair of teams communicates by sending words to each other as if they were a small network system made up of two computers. In other words, each team plays the role of a data-processing system in one computer. In the game, the two teams transmit words to each other in turn (see Figure 1 ). The teams take turns sending and receiving words. First, one of the teams plays the role of sender, transmitting a word to the other team (i.e., the receiver). After receiving the word, the receiver becomes the sender and then transmits a word to the new receiver (i.e., the previous sender).
Show the rule for exchanging words
After reception, a receiver decodes the word and then sends a new word. The new word must start with the last character of the word stated by the sender. For example, the first team may say, "BIT." Then, the other team has to say a word starting with T, the last letter in BIT. For example, the second team may say, "TIE." Then, the first team may say, "EAT," which starts with E, the last letter in TIE (see Figure 1 ).
Illustrate the three steps of encoding words into binary code
In the game, all of the clear words exchanged are encoded and then transmitted. On receiving, the code is decoded into clear words. The following illustrates the three steps of the coding process.
1. The "sender" team divides a word into letters. 2. The team assigns decimal numbers to each letter using the number that corresponds to its alphabetical order. For example, A, the first letter of the alphabet, is assigned 1, whereas the 21st letter, U, is assigned 21. In the game, the participants have a code table to help them assign these numbers. For example, U and 21 are paired in the table, as shown in Figure 3 . Because every team has a code table, the participants can find the numbers easily. 3. These decimal numbers are converted into binary form. For example, the decimal number 1 is converted into 000001, and the decimal 21 is converted into 010101.
Show how to convert decimal numbers into binary using black and white cards
In our game, the participants use black and white cards to convert decimal numbers into binary, in order to facilitate the process. One side of each card is black and the other side is white. By turning over the card, participants (teams) can express the two values in the binary number system (i.e., 0 and 1). The black side represents 1 and the white side represents 0. The game uses six cards to express a six-digit binary number (see Figure 4) . 
Let the participants practice transmitting words a few times
Before starting this game, let the participants practice sending and receiving words to master the three steps, including the conversion of digits using black and white cards. One or two trial runs are probably sufficient, but do not hesitate to add one or two. Encourage the participants to divide their responsibilities as a team to work smoothly and efficiently.
Competition and winning
The teams compete by sending as many words as possible over a set period of time.
Start the game
Once the process is understood, participants can start the actual play of the game.
Participants' guide Exchange words between a pair of teams
Two teams in a pair transmit words to each other in turn. The teams take turns sending and receiving words. First, one of the teams plays the role of sender, transmitting a word to the other team (the receiver). After receiving the word, the receiver becomes the sender and then transmits a word to the new receiver (the previous sender).
Competition and winning
Basic rule for sending and receiving words
The word sent in response must start with the last character of the word received. For example, you receive "BIT." Then, you have to say a word starting with T, which is the last letter in BIT. For example, you may say, "TIE." The other team could respond with "EAT," which starts with E, the last letter in TIE (see Figure 1) .
It is essential to the game to never say the transmitted words out loud! Encryption system 
Conclusion
In conclusion, BIT BY BIT enables participants who do not understand the concept of binary numbers to perform the process of converting decimal into binary and vice versa. The game requires only addition and subtraction to perform the conversion process. Our game offers a simple method for teaching an understanding of the binary number system. This understanding helps participants to comprehend one of the basic concepts of computer science-how computers express natural languages using signals.
Although other games deal with the binary number system, there have been no games in which participants can also experience the natural language processing system used in computers. By way of example, Bell (1999) introduced such a process while explaining the binary number system at a children's event held in a science museum. He used Computer Science Unplugged (Bell, Witten, & Fellows, 1999) , which is a series of small games for children that conveys concepts of computer science. One of the games involved the conversion of decimal to binary, which is the third step in our game. However, to incorporate all of the ideas shown in the three steps in our game, a facilitator needs other tools or explanations that are equivalent to the first and second steps in our game.
This expansion of the number system conversion process, toward the natural language processing systems used in computers, facilitates the introduction of a computer science concept to students by means of an enjoyable game. This deeper understanding of number systems, an understanding that is relatively easy to acquire, can offer a useful introduction to computers. Any learning process that can use all the senses, touching and moving as well as seeing, and that builds on natural behaviors will improve understanding of abstract processes. Each person must, in his or her life, retrace the steps that humanity took toward the construction of the complex tools we use. By tapping into the natural development of each human being, this game, BIT BY BIT, leads efficiently to a more thorough understanding of computers than that gained by simply running software.
Comparing this game with other games such as IN THE HIVE (Corbeil, 2003 ) might also be helpful for participants to increase their interest for communication and computer science. Because BIT BY BIT is designed with a focus on the binary number system and natural language processing, participants will develop deeper understanding through combining and comparing the perspective of other games or activities.
Variants
When the facilitator has enough time to introduce this game to students, the game objective can be changed for sending more and more complex words after playing the original rule of only competing in the number of words. Once the participants have understood the game, it might be more exciting for them to deal with longer and longer words. Descriptions in the Facilitator's guide and Participants' guide will be adapted as follows.
Show the rule of exchanging words (Facilitator's guide)
After reception, a receiver team has 3 minutes to decode the word. It then sends a longer word. This process of sending longer and longer words continues until one team fails to decode the word within the time limit. Two or more pairs of teams can compete against each other; the last pair still functioning after the others have failed wins.
Basic rule for sending and receiving words (Participants' guide)
Each new word must be at least one letter longer than the word received. A team has 3 minutes to decode a word. When a team cannot decode the word received, it loses the game.
Another possibility of additional activity for students is making their own code tables. These variations will also promote participants' understanding of communication using the binary number system.
